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1 Progress Summary

During the final year of this investigation we have finished several event studies that we considered necessary
for the development of a tail magnetopause model and for the calibration of our simulation code. We have not
reached the ultimate goal of the project, i.e., the development of an analytical tail magnetopause model. In
the course of the investigation we have learned that such a model would be much more complex than we had
anticipated. However, the investigations that we conducted towards this goal have led to significant results and
discoveries that are of considerable value for understanding the tail magnetopause. These are summarized in
the following sections.

1.1 The March 29, 1993 event

We have completed the study of the March 29, 1993 event. We used IMP-8 data as input for our model and
compared the results with data from Geotail. On this day, IMP-8 monitored the solar wind at (33,-18,-11)
Rg, upstream of earth. The solar wind velocity and density were fairly steady and the IMF predominantly
northward, with a period of strong northward IMF from about 1200 UT to 2100 UT. Geotail was in the
distant tail at (-134,7,-1) Rg in aberrated GSE coordinates. During much of the second half of the day,
Geotail observed plasmas and fields that were neither typical for the tail nor for the magnetosheath. However,
there were a number of fairly sharp discontinuities that indicate magnetopause crossings. The comparison
of the Geotail data with our simulation results showed a good agreement. In particular, most of the major
magnetopause crossings were reproduced by the simulation.

The simulation also showed why Geotail entered the magnetosheath several times although the spacecraft
was nominally located well within the tail. Due to the anisotropic magnetic field pressure in the magnetosheath,
the tail becomes confined to an elliptical cross section. The major axis always aligns with the ambient mag-
netosheath field direction in the Y - Z plane. Rotations of the IMF clock angle that propagate through the
nightside magnetosheath cause the tail to twist back and forth, thereby causing Geotail to exit the tail. This
time interval was of further interest, because at times the tail became twisted so strongly that the northern
lobe appeared in the southern hemisphere and vice versa. This is an important finding with respect to our pro-
posed tail model because it shows that a simple tail geometry is often not applicable. This event study is now
completed. The results were presented at several meetings [Raeder, 1997a; Raeder et al., 1997c]. One paper
describing these results has been published [Ashour-Abdalla et al., 1998]. A second, more detailed paper is in
preparation [Raeder et al., 1998b].



1.2  The July 7, 1993 event

During this event, which occurred between 1400 UT and 1800 UT on July 7, 1993, Geotail was in the distant
tail near (-196,-11,8) Rg, and IMP-8 measured the IMF and solar wind plasma at (18,-27,15) Rg. During the
time period of interest, the solar wind was fairly steady and the IMF predominantly northward, with some slow
rotations in the east-west component. We found an excellent agreement between the simulation results and the
Geotail observations, which provided the basis for further studying the event. The simulation showed that the
combined action of magnetic reconnection and the slow rotation of the east-west component of the IMF caused
a braiding of magnetic field lines about the tail axis that results in some unexpected topological features. In
particular, tracing magnetic field lines from the simulation showed that Geotail was at times located on open
field lines connected to the southern hemisphere, although the spacecraft position was about 8 Rg above the
equatorial plane. Like for the March 29, 1993 event, the tail was of elliptical shape because of the strong
northward IMF, which makes this event an ideal case to be used for our tail model. This event study is now
completed. The results of this study were published in two papers [Berchem et al., 1998a, b].

1.3 The December 14, 1994 event

On this day, from 1200 to 1800 UT, Geotail was located in the middle tail at about
(-46,-14,-6) Rg, while the Wind spacecraft monitored the solar wind upstream of the bow shock near (24,-
38,0) Rg . Like the previous studies, we choose this event because the IMF was predominantly northward
and geomagnetic activity was low. Our simulation results compare exceliently with the Geotail observations,
in particular a continuously small northward field in the tail and slow tailward flows. Although Geotail did not
cross the magnetopause on this day, this simulation helps us to understand the processes in the quiet tail, and
the results of this simulation will be used for our comprehensive tail model. Results of this simulation and the
comparisons with Geotail data have been published [Raeder et al., 1997b].

1.4 Southward IMF events

We have also studied events in which the IMF is predominantly southward. The first of these events occurred
on February 8/9, 1995. For this event we used Wind solar wind and IMF data and compared the results
with Geotail data. The second event, also with Wind and Geotail data, occurred on December 13, 1994, and
encompasses a series of substorms. The third event occurred on May 19/20, 1996. For the latter event we
have Wind data available to drive the model and IMP-8 data from the tail. All these events are characterized
by high geomagnetic activity. We have carried out an analysis of these events, presented the results [Raeder,
1997a; Raeder et al., 1997¢; Raeder, 1998a; Raeder et al., 1997a}, and published one paper with results from
this study [Raeder and McPherron, 1998].

1.5 Simulation runs with fixed solar wind conditions

We have continued a series of simulation runs that use fixed solar wind plasma and IMF parameters. These
runs with idealized solar wind conditions are meant to be used in the development of the tail model. With
funding from different sources we have made some of these results available on the world wide web!.

1.6 The October 19, 1995 Interball event

In collaboration with Dr. Oleg Vaisberg (IKI, Russia) we have studied observations by the Russian ISTP
spacecraft Interball. The Interball spacecraft is the only ISTP spacecraft that observes the high latitude tail
magnetopause. The October 19 event is characterized by Interball crossing the tail magnetopause several
times during a time period of about 6 hours. This allows us for the first time to estimate the accuracy of our
model in that region. We have found that the model results very well reproduce the Interball magnetopause
crossings, and thus that we may trust the model in that region. These results have recently been presented at
two meetings [Raeder et al., 1998a; Vaisberg et al., 1999] and a publication is being prepared.

Lhitp:/fwww-ggem.igpp.ucla.edw/gem-ggem-phasel/



1.7 Effects of finite electrical conductivity

An important question regarding to our modeling efforts is length of the tail under very northward IMF condi-
tions. Recent work by other modeling groups and ourselves have led to conflicting results: most observations
and our model predict an open magnetosphere, i.e., a very long tail. However, some models predict that the
magnetosphere closes under such conditions. These models also predict a surprisingly short tail, under some
circumstances as short as 50 Rg. We have taken on this issue and investigated the effects of finite resistivity
on the models. We found that resistivity values of the order of 10°Qm or larger produce a closed tail. The tail
then becomes shorter as the resistivity increases. These results have recently presented [Raeder, 1998b] and a
paper has been submitted and is under review [Raeder, 1999).

1.8 Studies of multi-satellite missions

Studying the feasibility of multi-spacecraft mission has not been a stated goal of this project — by the time
the proposal for this project was written magnetospheric multi-satellite missions had not even been on NASA's
agenda. However, the stated goal of this proposal, namely the determination of the night side magnetopause,
is of critical importance for planning such missions and evaluating mission concepts. We have therefore
engaged in several studies of the now called *Constellation Class Missions'. Results of these studies have been
presented [Raeder, 1997b] and been published [Raeder and Angelopoulos, 1998; Angelopoulos et al., 1998,
Ergun et al., 1998].

References

Angelopoulos, V., C. W. Carlson, D. W. Curtis, P. Harvey, R. P. Lin, F. S. Mozer, D. H. Pankow, J. Raeder, and C. T. Russell,
On the necessity and feasability of a equatorial magnetospheric constellation, in Science Closure and Enabling
Technologies for Constellation Class Missions, edited by V. Angelopoulos and P. V. Panetta, p. 14, University of
California, Berkeley, and NASA Goddard Space Flight Center, 1998.

Ashour-Abdalla, M., J. Raeder, M. El-Alaoui, and V. Peroomian, Magnetotail structure and its internal particle dynamics
during northward IMF, in New Perspectives on the Earth's Magnetotail, edited by A. Nishida, D. N. Baker, and
S. W. H. Cowley, vol. 105 of AGU Geophysical Monograph, p. 77, 1998.

Berchem, I., J. Raeder, M. Ashour-Abdalla, L. A. Frank, W. R. Paterson, K. L. Ackerson, S. Kokubun, Y. Yamamoto, and
R. P. Lepping, The distant tail at 200 Rg: Comparison between Geotail observations and the results from a global
magnetohydrodynamic simulation, J. Geophys. Res., 103, 9121, 1998a.

Berchem, J., ]. Raeder, M. Ashour-Abdalla, L. A. Frank, W. R. Paterson, K. L. Ackerson, S. Kokubun, Y. Yamamoto,
and R. P. Lepping, Large-scale dynamics of the magnetospheric boundary: Comparisons between global MHD
simulation results and ISTP observations, in Geospace Mass and Energy Flow, edited by J. L. Horwitz, D. L.
Gallagher, and W. K. Peterson, vol. 104 of AGU Geaphysical Monograph, p. 247, 1998b.

Ergun, R. E., et al., Magnetospheric constellation and tomography mission concept, in Science Closure and Enabling
Technologies for Constellation Class Missions, edited by V. Angelopoulos and P. V. Panetta, p. 29, University of
California, Berkeley, and NASA Goddard Space Flight Center, 1998.

Raeder, J., Global MHD simulations in the ISTP era: Code development and data comparisons (tutorial lecture), talk
presented at: The 5th International School for Space Simulation, Kyoto, Japan, 1997a.

Raeder, J., Data assimilation from multipoint measurements (invited), talk presented at: AGU Fall Meeting, San Francisco
(EOS, vol. 78, no. 46), 1997b.

Raeder, J., Global MHD simulations of the substorm current wedge (invited), in 4"% International Conference on Sub-
storms, Lake Hamana, Japan, 1998a.

Raeder, ., The effect of electrical resistivity on the topology of the magnetosphere, talk presented at: AGU Fall Meeting,
San Francisco (EOS, vol. 79, no. 46), 1998b.

Raeder, J., Modeling the magnetosphere for northward interplanetary magnetic field: Effects of electrical resistivity, J.
Geophys. Res., 104, manuscript no 99.0034, 1999.

Raeder, J., and V. Angelopoulos, Using global simulations of the magnetosphere for multi-satellite mission planning and
analysis,, in Science Closure and Enabling Technologies for Constellation Class Missions, edited by V. Angelopou-
los and P. V. Panetta, p. 78, University of California, Berkeley, and NASA Goddard Space Flight Center, 1998.

Raeder, J., and R. L. McPherron, Global MHD simulations of the substorm current wedge and dipolarization, in Substorms-
4, edited by S. Kokubun and Y. Kamide, p. 343, Kluwer Academic Publishers, Dordrecht, The Netherlands, 1998.



Raeder, J., J. Berchem, and M. Ashour-Abdalla, The May 20, 1996 0030 UT substorm: Ground magnetic signatures and
comparisons with a global MHD model, talk presented at: AGU Spring Meeting, Baltimore (EOS, vol. 78, no. 16),
1997a.

Raeder, J., O. Vaisberg, V. Smimov, L. Avanov, and E. Melnikova, Lobe reconnection and convection: Global modeling
and interball observations, in Sixth Huntsville Modeling Workshop, Guntersville, Alabama, 1998a.

Raeder, J., et al., Boundary layer formation in the magnetotail: Geotail observations and comparisons with a global MHD
model, Geophys. Res. Lett., 24,951, 1997b.

Raeder, J., et al., Global MHD simulations as a tool for correlative studies (invited), talk presented at: JAGA 8t* Scientific
Assembly, Uppsala, Sweden, 1997c.

Raeder, J., et al., The distant tail under strong northward IMF conditions: Global MHD results for the Geotail March 29,
1993 observations, J. Geophys. Res., 102, in preparation, 1998b.

Vaisberg, O. L., V. N. Smirnov, L. A. Avanov, A. A. Skalsky, N. L. Borodkova, J. Raeder, J. L. Burch, and J. H. Waite,
Observations and simulations of high latitude reconnection for northward IMF in the October 19, 1995 CME
associated event, talk presented at: Interball Workshop, Zvenigorod, Russia, 1999.

Patents or Inventions Resulting

None.



